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mimr CANCBR C.HEMOTHERAPEUTIC €YCUC ACYCUC DISULFOHIC ESTER COMPOUKDS, 
METHOD OF XJSE THEREFOR, AiJD mTERMEDIAT^^ 



Sifanctsooai cyctic disuifonic est^r cotapoitnds efifeedve hi tresting certain types of caacm. lattiai nucleophUic 
reaction, mth tfea compound produces a iiega{iy«ly charged sulfonic acid md-groop which remaias attached to the com- 
pound astH a second alkylatiotj raadioa caa occar. 
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CALCES CFSHO^HSBAPEUTIC CYCLIC AND hCitChtC 
DISU^FOKIC BSTSB OMPmmSS , H.t?H013 OF OS ? 



alltylatiiig compounds? i« i?artie«i*t. to cycUc 
disulfonic «st«e alicylttla« co»potinds. 



a. ^^^^^^ ^ ^^.^^ ^^^^^ ,,,,,, 

ch.«.oth«rap«ntlc compounds. Most clinically ^ 
....icallT .-.tiv. centers capable ot ^^^^^^f /^^^^f 

aa th. opposite atir^nda oe duplex tm^ ot om and 
asaociatea p.ot.ia. of tnea.* agents to aXKyiata 
IS biomoUcttXea Uads to a vart^ty of defects i» 
tetraeallWai: i«atal«lism. pattleularly daf^ota ^ 
mdBU aci4 .e^lt«atioa and/or tta«8crlpti««. - whic^^ 
tend to be more letMl in rapidly gcowia« canc« oalis 
tnaa in aotatal, aoaatic cells. 

0«« cuas of bif^acttonai alkylating agents 
iaclude Uneat, tiaoliarged diaulfonatea. exemplifiea by 
mmltm CMyleraa. Butrougha Wellcoiae). wblcb is 
coimaoaly usad in the tteatmeat of leukemias. Gaidi^ 
Qiicology, BergevU, P. H., «t al. eds, 
as ililllama and WilkUa, BaXtitsore/ London (1979). P UO. 
comfotind of this type acts through an Initial 
«uolaopUlio reaction with a target biomoiac«le. a. 
a DM base, alkylating the target and epiitting off a 
fi:ae. chatged a^lfoalo aaid ftonp. -The tiachatgad 
30 sTilfonic-eatar alkylating gxoti^W tfean participate In 
a second imclaopMlio raactton, to ctosallnk t&e 
dtiginal target iolecule to a aecond target and apUt 
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off a secoaa sulfonic acid group. That is. the 
bifunctional reaction scheme involves an uncharged 
intermediate aifeylating gcoup. The x,4-butaaediol 
sulfonate (Bulsulfaa) is more effect lv« th«rap«utically 
5 thatt shorter m longer alkyl-cnaia linear sulfonates. 

Tfee present invention incladea cyclic 
disuXfonlc esters Haying tlie geii^ral etriscttirai fensttla: 

10 where m»Q or 1, »»l~5. and R=.H, CH^, C^^^H^ or 
CI., The coiapotiMs of the invention are usefai as 
blftiactioaal agents for fragmenting biomolecules. siich 
as UNA, or cross-linking a variety ot nucleophillC'- 
contaiaing bioaolecttles, siich as ancieic aci^s and 

XS associated proteins, fhe cyclic dtleulfonie ester In 
which m*0. n«2 and S«H is effective in tlte treataeat of 
a variety of animal cancers, inclttdiag »a»»aiiaa 
lymphocytic leukemia* lyaehcii leuicemU, 
meXanoearciiiesia, humaa breast xenpgref t and oyariaa 

20 carcinoma* cyclic Slsaifenic esters in wUich m^«^^^^ a«3 
or 4 ana E*H have also been shown to have anti-leukeaic 
actiirity. 

miike linear dlenltoalc esters (where the 
feutanealoi coatgound Is most therapeutically effective) 

25 among cyclic co«pounas of the present inventloa, the 
dlsulfoaic esters of ethanediol Cn«2) and pentanediol 
CnoS) appear to be the most active in treating leukeaxc 
aaiffials. the cyclic esters of the pceaeat invention are 
also shown herein to be effective in treating a variety 

3d of cancer types other than leuitemias. particalarly 
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jnelanocarcinomas, bceasc xenografts and ovarian 
carcinomas. 

Also unlixe uncharged liaeac alicaite 
disulfonates such as Busulfan, iaitial itucleophilic 
5 attack on a cyclic dieatai; compound of the inveation, in 
ogealag tha diss tar ring, results in an intermediate 
liaeac saif onate having a charged sulfonic acid 
end-9ro«p. la this regard, the iaventioR »ore generally 
includes a bifuactlonal cross-X inking agent caj?ahle o£ 
10 reacting with a first nucleoghile-llj^ to grodace a 
nttisleophils-reactive intec»ediate of the form 
R 

whers n, m and R are as identified above. The agent may 
he a cyclic compound of the type deacribed above^ or a 
15 linear compound of the form 

H R 

The invention farther includes methods tor 
synthesiaing cyclic diaulfottic eater cofflpouads of the 
type described. In one jaethod, useful particularly for 

20 aynthesiaing the h«l cyclic disttlfoalc ester of tfee 

above structure, an allcanediattlfonyi ehXbrlde is allowed 
to react with a allver aalt to form the corresponding 
silver disulfonate, which is then allowed to react with 
a dihaloalMae, such: as dibromoethaae or diiodoroetnaae. 

25 la a second stethoa* useful in the preparation of n=>2-S 
eojupounds* an alkanedisulfonyl chloride Is allowed to 
react directly with an alSanediol in the presence of an 
aliphatic or arojaatie tertiary amine, such as 
triethylamine or coiiidins, the tertiary aaine is added 

30 dropwise to the other reactants at a low temperature to 
avoid alltylatioa of the amine by the product ester. 
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Mother asgect of the invention includes a 
met&od of treating maffljaalian caxxcscs, particaiarly 
iymplsocytic and lymphoid leuKemia, iaeXanoGacciaosta, 
iiamau breast xanogcaft and ovariaa cateinowa* wfeicJi 
S compcises treat In^ the caacerotts maaaiaX wttU a 
tMrapetitically ef £ective amount tHe cyclic 
aisalfonic acid doiagouad. 

A geaecal obJ«et of the tnveatioB t« to grevide 
a nm class of ctosa-liiilcla^ comgoiiads wlticli ace 
10 theiraipeuticdlly «f £«cti»ft ia th« treatateat of aevsral 
tirsas of cancel;. 

imotHer objsct of t&« invention is to tcoviaa a 
distilfoit3,e est*? bifaactloaal ecoss-linJciag agent 
.capable of teactinij with a first nncleopbile to ?coduc8 
X5 a ottcieophile-^reactlve intermediate having a charged 
sttlfottic acid ead grotif , 

Yet another object of the inventioa is to 
provide a class of cyclic bifuactioaal aikylatinf 
coiBSotinds which are readily synthesised ia yields 
20 suitable for drug testing and inana£acture. 

These and other objects and features of the 
invention will become more fully appaceat from the 
folXowinf detailed descciptioa of the invention and 
accQfflpanylng examples > 

2S Detailed Pesoriptioh of the Invention 

The cyclic disalf onic esters of the present 
invention are synthesiaed accotdlag to novel methods 
described below la Section X, Section IX describes the 
reaction of cyclic disalfonic esters with DKA, to 

30 produce mh straad breaks and J>m cross^iinJciag to 
associated proteins, the section also considers a 
linear aisulfonic ester having charged s-ulfonic acid end 
groups. This compound way react with duplex DSA in a 
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, manner Bi«ilar to that. of sYclic CO«lpo«ad, A method 
of synthesis of tM lineat cMffsea ccoss-UftJciM as^at 
is also 4«8cril>6d. Vacious drug treatateat re^imena in 
which s^Uct^a cyelic disulfonic eatec compmi»d8 ate 
^pXoy«* la the traatissat; of five a iff et eat ty^es of 
maumiaiiaa caaoeta ate outlined ia S«ctloa HI. 

I, «Y ^.H.^ia of si nnlfonic S st^c ctoag-li nki a<r jlgeB M 

file pcesent invention includes cyclic 
diBttifouic eatera haviiif the general s true tucal formulas 

wfeere »«0 or 1. ft«l-5. and R«H, CHjCHj, ot 

CI. 

The first syathetlc jietUod to lie coasi«eted is 
particularly atiitafale for the synthesis of co»?ottads of 
this type ia which a-l. The aetho4 generally inclMes 
allowing an alfeaae disulfohyl cfeiociae of the form: 

S-CS-SOgCi 

(CSgJ^-SOgCl 

vhece m and 8 are as indicatea above, to react with a 
silver aalt, grefetahly siiyec carbonate, under 

I coaditiona which pcMuee the cocrespoadias ail vet 

disnlfonate. Sxperiiaeatally^ the reaction is preferably 
cartled out in the aatk under eonipletely aahydroiis 
(jonditions. An alJEane disulfonyichloride. such a® 
methanedisttlfonyl chloride, ia dissolved ia a stiitahle 

> solvent, such as acetonitriie. ana to this solution is 
aaded a silver salt, such as silver carbonate, in a 
solar ratio of slightly saore than two moles of silver 
per aole of the disulf oayl chletide* fhe mixture Is 
kept belo^ 40*C during the initial exothecsiic reaction 

3 ana is then stirrea at coq» tent^eratttre for 24 hours. 
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Th& silvex c&loEiae to«d«r which forma^ Is Esmovea by 
filttatioa. The reactioa method/ is described la 

Sxaapif 1 3>6Xo*i, yields agigroxlMtately 88 . 5% o£ tM 
th«6r6tlcai ^ield of silver methaasdistjlfooate. 
5 la the second step of the synthesis, ths 

f csshly prepared silver al]caneaisulfdaat« l6 ailpw«d t:<? 
reaot with a aihalide of ths form: 

where aal-4 and X is either bromide or iodide. By way 

IQ of illustration, sllvet methanadigttlfonate dissolved in 
a suitable solvftttfe, e«c& aa acetoaitrlle, is added to 
the dlhaiide, ih api?roxi&ateXy a i to 1 jftolac ratio, and 
th« wixtBtre Is allowed to stand lot tip to aeveiJal weeJce 
at roe» teapef atijce or id heated under cef Xuje for up tb 

15 several days in th^ abseace of light* the precipitated 
silvee aaXt is filtered and the filtrate is evapecated 
tmder reduced ptesanre, leaving a typically light brown, 
oil-lifee residue containia« the desired product. The 
residue is dissolved in a sttitable solvent, such as 

20 methylene ehloclde, and may be treated with a gTirlfyin? 
agents such as decolorizing charcoal added to the 
solvent* To crystallize the jsrodact, a second solvent, 
such as cyclohexane. Is added yntil a cloudy supernatant 
forms, Recrystalllzatioa in a solvent syateta such as 

25 cyclohexane '.methylene chloride 2:1 may be carried out W 
achieve a desired purity. The Identity of the product 
can be confirmed by characteristic infrared (tS> 
features, such as CH^ and SOg stretching 
fre^uenoies. and by proton nuclear magnetic resonance 

30 (isiMR) featares, such as the reaonahce posttions o« the 
CHg-sOg pcotoh, the end-ca^-O proton and the 
middle CBg ptoton. Cofflparing experiifteatal product 
elemental anaiysis with theoretical values provides 
fncthet pcoduct-ldWntity conficaatlbn. 



wo 85/03075 



peT/ussg/ooos? 



tetrawfttfty-iene metharie€is»IfoRat« (m«0. n^4, , also 
nsmm i,5.2v4-aioxa4itbioeaftf-2.2y4,4-t«tco3ciae. from 
i-4 diibfomobtttane ana silver m»thaaedi«iilf oaate. The 
5 procedure yielded, upoa re«rystaIXlssati«n, satall white 
neeaies wftose final weight rescesentea an apgcoxissately 
3.79% tataX yield. Xn ^xasiple III, the prepasatloa of 
txlw^thyleae metMaeaisulfonate {m«0, n«3. a=HO, also 
aamed i3,2.4--clioxadlthlocaft6-2. 2,4, 4-tettoxiae. ttm 

10 silveir methanedi sulfonate and i. a-dibroaopropane is 
detailed. An approximate 11% yield of small white 
crystals identified as tristethylea© methanedisulf onate 
was obtained. Example IV desccitaes the sy««he8i« of 
ethylene methaaedlsttlf onate. Alternative ptocedttcea 

15 described in this example gave yieMs> upen 

reccystallizatlon ia a cyeloh«xaae-^methyl#ae chlortae 
jaixtttre. of 2.18% and 2.7$%. flte ftetbod ot syntbeftia of 
methylene methaaedisulfoaate {m»0, tt«i. R«H}, also naae4 
X , S .2 . 4-4ioxa*ii thi#ne-2 , Z . 4 , 4~te tcoxia«, is 4e«cjc ibea in 

20 SXaMple % and iiici«a«a aXloWiag sllvec 

aethaaeaiaulfonate to xeact Ia acet*>ai^«ll« »i*** 
apprpximately egiial JHOlat astosnt of dliodoiRe thane. A 
total product yield of aboiit 2,22% was ohtained. 

A seooad general aetiiod for the syntheeis of 

25 the novel cyclic dlsulfonate esters ia gartioularly 
suitable for compounds whose stnictures cocrespond to 
those ia which m^Q and a«2-S , and B»H or CH^ . the 
method generally iaclndes adaing a dipl of the form: 

30 Where n«2-5, to a solvent such as tetEahydrofuEan or the 
dimethyl ether of ethylene glycol (glyise). and adding to 
this solution, in the saas solvent* an approximately 
equal laolar atsoant of an alkanedistjlf oayl chloride of 
the for^s ' 
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where HaH oc CK^. mixture is cooled to at least 

about -20'C and aa aliphatic or arofflatic tectiary ajsiue 
is added dro&wxse to the »ixtiir«. Prefecred tertiary 
3 aaiaea iaclude trietfeylaiiiiije aad coilUine. a tertiary 
aromatic amine. The teactioa mixture is allowed to warm 
to o»c or sXigfetly higher and the hydrochloride salt 
whioh forms is removed by flltratioa. The filtrate Is 
evaporated uader reduced pressure, and the residitte* 

10 whi^h generally includes: a light yellow oil, is 
dissolved iu a suitable solvent, such as laethyleae 
chloride. A light crystalliae eowdec* represettting the 
dsRlced cecrystalliaed product, is ohtaiaed by 
crystallization l» a suitable solvent system such aa 

15 methylene chloride: cyclohexaae. The identity o£ the 
product may be confirmed by characteristic IS and mm 
features, such as those aentloaed above* and by 
elemental analysis. 

Example VI below describes the synthesis of 

20 pentamethylene rrtethanedi sulfonate Cm»Q, a«5, a«H), also 
named 1.5,2, 4-dioxadithio«aae~, 2, 4>4-tetroxlde* 
according to the Just-descrihea method, A solution of 
l-.S-«eat3nediol in glyme; was mixed with 
methaaedisalfonyl chloride in the same solvent, and to 

25 this mixture was added trIeWiamlne droj^wise under 
anhydrous coaditioas. After temoviag the amine 
hydroehloride residue and evaporating the sblveat* the 
oily residue was cedissoived in methylene chloride, 
washed with 3 differ eat agueous wash solutions, and 

30 ceystalliaed from a »ethyiea« chlorides cyclohexane 
solvent system. The procedure gave an approximately 
6.7S% yield of pure product. Examples VII aad VIII 
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describe similar cfeacttoii pcooedures for ttts syaCJiftais 
o£ stftyisns' methaits4is«lf onate <m*0> n«a, R«#> Um 
etiineiie ^lycoi and jBetliane4ifalfonyX cttloriae is 
t8trahydtt>f»ran» vith the dropwis« sMition of 
5 collidine, A 35% yield of jrectystaXliaed ptoduct was 
olsfeaiaed. Sxa«!?les I3t and X describe siailar csactioa 
methods for producing tclmethylene and tetrast^thyleiie 
laethaftedisxjlf oaate , xespectively . 

sxamples XI-XXV dssctlbe the synthesis oe 

10 l/l-ethanedisuXfonates {m^Q, R^CH^) in which am% 

(Exaittpie XI), n»4 (Bxample XU). a«3 (Example XIIl) and 

(Example XX). It is noted that the cyclic 
disuXfonate compound in which a«l catmot fee 8ynt»eBi««d 
by the present synthetic metfeod. IS Sxaaple %X, a 2% 

IS product yield of peatametjiylene i,x-ethan«disTiltonat«> 
was formed. Is Kxa»pie XIl. a 0,2% product field ot 
farified tettam«tfeyXetts i,x-etha«edisultQ^i*te. was 
obtataed. The method of Example XI II gave an 
approxiiaateXy 3$% product yield of the triiaethylettft 

20 i,x-ethaneaieuXfpaats, aiid Bxa»pXe XIV produced a 2S% 
pteduct yield of purified ethylene i,l-stiianeai8tiifoitate. 

It will be appreciated from the exaffiples that 
the geaeral syuthetic a^ethods deectibed can be modified 
readily, particularly with respect tp the 

2S alljahedisulfonyl chlocid* etartia^ matetlai. to produce 
<jo»pouhds having varloue indicated R groups aud m values. 

II. The CvcXic Digulfonate Sste r Aljcylation Reaction 

The cyclic dlsulfoaie ester compound of the 
pcesest invention has a chemically reactive center at 
30 each of the CH^-O group cachoaa, which is capable Of 

reacting with a QtiGleophlle-eoataiaiag biomolecule. The 
initial alRylation reaction between a first nucleophlle. 
dssigaated -n^r and the cyclic dieulfonic ester 
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cesuits la tht 'fQxmatioii of a linsax interffiediats of tM 
s 

having a negatively c^iargad SO^ end-grosap. It caa 
S be agpceciated that the llnsariKed alJtylatiag 
iatemediate has aarkedly diffeceat soiuijility and 
charge chacactef istics ttm tfeose of tite cyclic 
compouad. It is expected that these cMrge attd 
fiolubility cfisaracteristica will aif ect the co«f igi;ratio» 

M vhich tN coasgowiid adogta with c«SB«ct to the allsiriatsa 
biosiolecaie. in partic«lar. the ehacged ftii4 ^t<iu^ mr 
interact with positively chatted hiatoaes associatea 
with duplex IDia. Bteliaatoacy ex^etiJafei^ts eonaucted in 
sttuport pt the present laventioii indicate that the 

15 cyclic ethylene aistilConic eetec tn»2) is active in 

cross-Xiaitiftf D»A with 0H&~as8ociated gtotelas, in both 
human embryonic lunq fibroblasts, cell line and 
its SV-40~transformed counterpart, cell line VA-13 
(which has lost the ability to repair sisall alkyl 

20 lesions at the OS-position of guaxiiae). laterestiagly, 
little or no DK&/DNA cross linking was observed in cells 
treated with the n*2 compound, although high levels of 
both frank strand breaks and aiJcaii-lafalle lesions (pet 
12, S) were ohserved in both cell types treated with the 

2S componnd. the high levels of detected strand breaSss 
and the lower toxicity seen in the I«CR-fO ceil l%m* 
which is capable of removing small alkyX lesions at the 
0« position of gnanine, snggest that the atiand breaks 
observed iaay not be drag ladttced, but induced fay the 

30 enstymatie repair activity. 

Following the initial alkylatioa eveat, the 
linearised charged costplex can participate in a secoad 
nucleophilic reaction, with a second aacleophile Ji^, 
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releasing a secona cliarge*! sulfonic acid. 

the p««sent inveatioa laoce genecally 
contemplates diaaif oftie estets wtoicli are cfeajtacteriated 
by a sulfonic acid ead-ftoup aftec an initial allsylatloii 
reaetloo* ft ciaes o£ lineac dla«l£oai« estsra haviat 
tnis pco?«J^ty have the general ecrtictural focffiala: 
S ? 

where: m«0. and R+li. CBy CB^CB^ ot cl. »itH 

tefarence to this stracttise. it can be agprsciated that 
initial ttueleophilic attack by a nucleophile at an 
0«CH carbon, produces an N^^-alJcylating agaat 
complex which is identical to the complex formed after 
the initial nuicXeophilic reaction involving tft« 
cocrespofiding cyclic distilfonic estec. 

Example XV below outliae« a procedure for the 
synthesis ot i.2~fai8CoxysulfoBylmethaneSTil£oaic 
acidlethaM (a«o. 8«a. n»a)* xa tm aetitod, 
iRetnaaedteulfonfl ehloclda la allowed to react with 
watet i& the presence of diethyl ether to produce the 
corresponaing chioro«»liQayi«ethanesulfoalc acid. The 
attlfonie acid grotip in thii cheatical iatermediata is 
protected by reaction with trimethylsilyl chloride or 
t-.b«tyldi»ethylsiiyl chlocida, according to itnown 

, pcocetees, the coppoand is then allowed to react with 
ethylene fiycol in a suitable solvent* such as glyme, 
with the addition of an aromatic or aliphatic tertiacy 
amine each as triethylamine drogwise at «2Q*C, The 
prodtict is treated with H^O and bicarbonate salt to 

J hydrolyze the silyl esters in the compound, f ocmiag the 
desired salt of the produet . 
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III. toi^eaneejc activity of cyclic MethaaealsglfonaM 
Esters 

m& ef fectivsness of cyclic isitlianedisalfosata 
esters against vat Idus types ot mmmilm cancers was 
S studied. Xadlyi4iial strains of mice IdeittiCied as 
having one of the eoliowlng types of e^acer were 
«»»eloyed in the stady: lymphocytic leukemia, lymphoia 
ieuksmia, melanocarcinoma, hvtman bceast xsaofEagt aM 
ovarian carclnooia. For each typs of cancer, a gtonp of 

iO animals all of about the same siss and weight were 
treated with one of a number of incr easing doss levels 
of tbe test dr«g, to identify optimal dosage levels, *s 
evidenced hy either laaxiattm sticvival period 
inhihitioa of tumor growth. 

X5 la e^ch test, attli^saXs Were divided into tve 

eqaal-^atmber groups: a coattoi groat whi<sh reiseiysd the 
drng carrier eXonej and the treated group vhi<ih received 
the drug, at optiaal dose isysls ia the drug carrier. 
In the studiea Involving lymphocytic XeuJseaia* Iptphoid 

20 lenlfcemia, Jiiielanocarciaoma, and ovarian carcinoma, drag 
eetivenees was jaeasursd by the ratio of ffiedlian anmijer 
of days the treated animal survived (T) to the median 
number of days the control animal survived (C), 
designated the T/C ratio. Drug effectiveness agaiast 

25 huraan breast xenograft was measured by the ratio of 

tnaor size for treated (T) to tumor size for control (C> 
animals. 

The treatment protocol and results obtained for 
ethylene methanesnlfonate drug trsatjaent are described 
30 in Example XVI, the data sho*f that ethylene 

methanestHfonate stihstaatially prolongs snrvlval time or 
inhibits tumor growth for all types of cancers which are 
reported In the example. 
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lymphocytic leuk4«iat «e:t^ treated with^ 

methaaeaisuifoiiate {ii*4) fox ]?tt£pos^s 0« coBp^c^a^ 
5 ttoejapetttlc «ff ecfciveiiftss of cyclic aisuitonic ester 
compottnds having cfoss-linking cftain lengtHa . THa 

test eoBctitioai an4 protocol are sabfitanclally lik& 
tfeose eaployta ia th« Exafflti« XYI tests, and ate 
desoirifce^ in SxaiRplsft xyiX aad WXII. respsctively. for 

10 tiie n*3 ana n»4 compounds. Botft the trlmetljyiene and 
tetra»ethylen« methanedisulfonate compouiids shoved 
significant anti-le^kemic activity, as jneasuted by their 
T/C ratios, but both were substantially less ««f«etive 
than the cyclic ethylene mstiianedi sulfonate e«t«r ta 

15 prolongfing survival in leukemic animals. 

FEoiR th« foregoing, it can b» a»pr«ciat«d how 
various obHcts t^w* Invsntion ace jaet. thft cyclic 
dis«l£onic estetf d^sctifeed Wceift provide a n«« class 
of «jro»8->li)ci3ting a««nts wfeos* stc^ctttre a»d reaction are 

20 quite differaitt £roM taacnarged, liaear disnlfonic 

eaters, one of the novel coapottada M the invent ion has 
been afeowa to be useful la tha treatment of a variety of 
cancers inciwding leukemias, ovarian carcinoaja. 
aelanocarcinoiaa and breast xenograft. 

25 grhe cowpounds of t&e invention are readily 

synthesized by one or both of the methods detailed 
h«rsia> and for several of the corrt?>oynds. prodiact yields 
greater than about 2S% may be achieved, 

The following examples illustrate variQ-us 

30 methods of synthesis and treatment erotocoia associated 
but are not intended to limit the scope of l?he inveation. 
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Exais ple I 

ComgletelF aahydcous and darJt conditioas were 
eiaployed tfefotigiiotit the gretaj-atioa. ftll glassware was 
3 ba^&a in a« ovea at 110«C fee at least tjas-Mlf Umz, 
Methaftedistilfonri cHioride was systhsslisea according to 
knowa ffisthoas; sas, e.g., Schfoetec, G., |yas-.SI§S tms) 
161-257. Hedistilled methaasatsulf 011^1 chlotiae (2.00 
f, 0,00^ mole), «a8 traafitecjcsd ia IS »X ot acetpoitrile 

10 ol>taia«i f com Bardie!? and Jacjcsos ^botatbtie^ 

{Mttslse^oit. MI) to aa e«uaXissi«9 dtospiag faaaftl, Tite 
acetoRitril« was dcte^ by ^istillatioa ov»t f^^. 
Aaaiyticai gtade stiver caibpaate obtaiaM ftoa J.f, 
Salter Chsalcai Co. CPiiiliii?sl>ttcg. H*^) (99.8%) was 

13 wsigHad (5.22 g. 6.01? mdi«) and placed iato a 

tehre«-a«cJt Oastt fitted with aa egtiaiiziag fuoael, a 
reflttK eoadftnser with a dcyiag tube, aad a thetmoa«ter* 
h stir bar was added and the disulf oayl chloride 
solution was allowed to drop ia slowly. The mixture 

20 beca»e wacm and a gas was evolved. T&e te«i?exattt3:s was 
kept below 40»C in aa ice-water bath. The stii bar was 
started as soon as possible and the Jtixtare was stirrad 
at £0018 teisjpetature tor a&ptojcimately 24 hones, the 
ceaction jaixtare was filtered, yielding a light smrpl« 

25 powder coataiaiag sllvec citloride and unreacted silver 
carbonate. The weight ot the dried powder was 2>99 g* 
0.29 g over the tiieoretidal weight oe silver cMocide 
assaming complete reactioa of the stiver carbonate. 
Based oa these aambers * the yield of silvec 
3S aietiiaaedisnlf onate is the filtrate was caXcalated to m 
about 88.5*. 
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i*tirif l«i X»4-dils«r»mobataRe olstaiited from 
mtich Cfteaical Co. {miwaulsse, SfX) (2.03 0.009 
5 mm was aidded to a flask coataimng lOO ml of fresMy 
]?re^ared solutioa of sliver iftettoanectisalf oaatft lit 
teetonitjelle ftoffl Example l, W fiask m» stoppered 
and in the aaEk at eoois temperature tot a period 

of 9 weeks* aariag wftich a yellow-green precipitate 

10 fotaed ana settled to the bottois of the flask. The 
stispension was filtered, and the filtrate was washed 
with dry acetonitrlle, leaving silver bromide in 
suspension. The stispension was filtered and the 
filtrate dried as in Sxampie I. The dried weight of ttm 

IS filtrate waa 2.34 grams, or 67.7% of the theocetlcal 
expected weigfet of silver bromide, based oa coatplete 
react ioa of dibromobutane witii tlie sllvet 
met&anedis'ttlfoaate. 

the ocigiaai filtrate was evagotatea UBdet 

20 reduced fteasare, leaving a light brown oil. wastelaa 
the oil with atetttylene chloride turned tbe oil Into a 
brown gum and a clondy sufexMtaat. The stipernataat was 
decanted and treated with decolor laiag charcoal, 
semoval of the charcoal by filtration left a color less, 

25 clear solution. The solvent was reJBoved under reduced 
tressnre, yielding siftall white cable crystals. TM 
crystals were recrystallized Eross a 2;i 
cyclohexane-metbylene chloride mixture. Small white 
aesdlQS were recovered, dried, and weighted. Tbe weight 

30 was 0.082 g, representing a 3.79% yield. The product 
h«d a melting point at 143-144»C, NMH and IE egectral 
analysis of the sample showed the spectral 
characteristic expected for tetramethyl 
ffliethanedtsnlfonate. Slentental analysis of tbe product 
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calcuiatea for C^Hj^gOgSg is: C, 26.08; H, 4.38; 

S, 27.85. The experimental; values w6«e C, 28*08, if, 

4.77; and S, 27.66. 

5 Preparation of TcliBe th ylene Me thanedieulfoaate 

p«tiflecl i,3--aibromopropane oiJtaiaea ttm 
Aldrich Cbemicai Co. (4.76 g. 0,024 moXe) was added to a 
fceshly prepared silver methaaeaisulfonate solution in. 
100 ml o£ dry aeetonitrile from Sxaaiple I. The mixture 

10 was heated uaaer reflux at 82* for 3 days, after which a 
yelibw-qfreen powder fornted. The powaec was filtered, 
waehed with dry acetonitrile, filtered, dried and 
weighted. The dry weight of 5.92 grams represented 
65.5* of the expected weight of silver bromide, based on 

15 complete reaction of the dlbromopropaae with silver 
aethanedieulfonate. The solvent from the reflux 
reaction was removed under reduced pressure, and the 
remaining oil was treated by the pcocedur^ described for 
the purification of tetraaethylene methanedisiilf onate in 

20 Example U. The small white crystals obtained weighed ^ 
0.563 grams, cepcesentlng an ii% yield, and shewed 
laelting points between 1S6 and 157 ,5*0 and 185. S ant 
186, 5«C. msi and 18 spectra of the twice recrystailized 
compound showed the characteristic featares of 

25 trimethylene methane dieuXfoaate. Xhe calculated 
elemental aaalysla for C^HgOgSg is 22.2Zi 
3 .72} and 29. 66* The experiiaental values Were: C. 
22 .31; H, 3.69; and S> 28.91. 

| ;3f;amB,le,, iy 

30 gi^^paratio . ^ ,, pt n%m'^^^ Methanedisul folate 

Purified l.a-dibtomoethatte obtained from 
Aldrich Chemical Clo. (4.42 g, 0.024' mole) was added to a 
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fxeshly prsgfased sllvsr methansdisulf Qnate soiatida in 
ap&coximatsly 100 ial of acetonitriis, prapared in:. . 
accocdaace vith BKample 1. Mt&t 4 days of lieating 
waer t^nm at §2*, the ceaetion ffiixtuc* cooled and 
5 fiiterea. fiie yellow-gxeeh powder thm obtained wa» 
washed witiii acetoattrile, dried, and wlgited* the 4.01 
gram welgitt of m arie^ powder eepesseated 443% oe the 
expected weight of silver btpaide* b^tsed on complete 
reaotioa. the eiifetate from the ref itjx reactioa was 

10 reaoved under reduced preseiire, ieaMng a light btavn 
vi8«o«B oil. the oil was treated with stethfleiie 
chloride* as la Sxaaple tx, fO£»i»g a cloudy white 
superRataat and an opaque brown gum. The supecnatant 
was decanted and treated with decolorizing charcoal and 

15 diatomaceous earth. The solution, after filtering, was 
clear and colorless. The solvent was removed «adec 
reduced pressure leaving small whits crystals. These 
were recrystallized from a cyclohexane-methylsae 
chloride mixture and vacuua dried, the deled weigiit was 

20 0.113 g. representing a 2,18* theoretical yield, and the 
meltia? ffoiat was about l7p«»C. U aad SMR spectra of 
the recrystalliaed prodact showed the characterlsi;ic 
tea tares ot ethyleae methanedisulfonata. Atoffllc 
analysis was in confOfiRity with the values <if^leaiated 

25 for CgHgOgSg. 

the same procedure described above was 
repeated, using 5,09 g, 0*028 mole of parif led 
1.2-dibromoe thane and a 100 ml golation of silver 
msthanedisulfonate. The reaction was heated under 

30 reflex at 82'C for one day. The yellow-green powder 
welched 3.55 g, 0.75 g less than the weight of the 
expected AgBr. Small white needles having a total 
weight of 0.162 g, repxesentiag a 2.78% yield, were 
obtained. ' * 
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" Example V 

Preparatioa of .Mgthy l6ni=> Mar-hansdiaulfonate 
A flask containing approximately 100 mi of 
silver methanedisulf onate solution was equipped with a 
5 reltix Goadensec and a drying tube. Purified 

diiodofflsthane obtained from Aidrich Chealcal Co, (5.09 

0019 mole) was added and the soiation was heated 
under reflux for 2 days, A light yellow gowder which 
formed vae filtered, washed and drled» ae la Example 
10 II. The dried precipitate weighed $,79 tepreseatina 
72.0* of the weight of the expected ftg?. The filtrate 
was treated aa described in Sxampie XI to obtain email 
white aeedXes haviag a total weight of 0.081 gra|B«, 
represeatihg a yield of 3.22%, and having a melt lag 
15 point of between 146*C and 14S.S*C. IS and NM8 spectral 
analysis of the white needles, after further 
cecrystalllaation. showed the features characteristic of 
methylene methane disulfoaate. Elemental analysis 
calculated for C^H^O^Sj was: C, 12.76: H, 2.14; 
20 and S, 34.09 foe C^H^OgSg. The aieaaured values 
were! C. IZ.tU H. 2.14| and S, 34, IS. 

Example yi 

Prenaeation of eentamethylens Metha nedisalfonate 
The preseat exaiRple and following Kxaapies 
25 VH"Xri detail the synthesis of cyclic alStane disnlfoaic 
eaters by the reaction of an a llEane dleulfoayi chloride 
with dlols of the types m'-im^)^-m where n=s2. 3, 
4 or S . 

mmethyl ether of ethylehe glycol (glyae) 

30 obtained froa Bucdicfe and JfacJcsoa taijotatorles was 

putif ied by distillation over sodium and ben^ophsnoae, 
A soitttion of l.s-peatanedlol obtained from Aldrich 
Chealcal Co* CI2»S 'g, 0.13 mole) in -3 SO ml of pnrif led 
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glyme was stlsrea l». a 1 litsr coan4 bottom f lasis 

s^tiisped with s sUtces «n4 a checaiometftr . The xeaction 
f lasK was maintaihed at a t8»peratij«« «f -ZO-C by a 
ad«aaoi«aty ice bath. Het&anedistilfoasri chiacid«, 
5 ptepacea accordiag to the methoa descieibea by Plla, M. 
aaa Meek, S. P., Zeitw (1976) a^Sm^391. <as,6 

5, 0.12 «ol«), dlssol^^ea III 25 nl of ?ly«e. was slowly 
adaed tncougb a so ml dirofping funnel. A soiiitioa of 
triethylaaiae obtstined from Eastman organic CMasicals 

10 (HochSSter, m} (24.3 g. 0.24 mole) in 125 ml of glyae 
was added droijwise to the vessel over a one haut 
feciod. care was taken to avoia contact witii water by 
covextng tbe dropping funnels with drying tubes filled 
with CaClg, Once all additions were comflete, the 

13 reaction mixture was allowed to tettitn to room 
temperatare and stirred for two hours. 

th« ceaction mtxtuire was wmm fiitered to 
remove the solid triethylamine hydroehldride. the soii4 
amlae iiy€rochl6tia« teaiaue, which was washea with qljm 

20 and then allowed to dry, weighed 37.0 g* cepresenting a 
104% calitilated theotetioal yield. The filtrate was 
roto-evaporated below 37*^0 to reaioye ths glyme. the 
residiiS was redlssolwed ia IPP lal of wethylene chloride 
aad washed with the folXowiag series of cold, agtieoas 

25 washssi a) three times with 30 ml of 5% soditjm 

bioatboaafeeij b) one time with 30 ml of distilled water; 
and c) three times with 30 M of 5% nydrocMoclc acid. 
These wash solutions were cooled to 4*C to miniwise 
product hydrolysis. The final organic layer was dried 

30 over Mgso^ and the methylene chloride was reffloved by 
roto-evaporation, TM crude product was redlssolved in 
a minimal amount of methylene chloride. Cyclohexane was 
added until the mixture was placed in a refrigerator for 
one month and additional cyclohexane was added to the 
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raixtare peciodicaXly as the mixture cleared, to proHtote 
product crystalXiaation. the white powdet which formed 
was filtecad and dried. A total amount of 0.23 grasss, 
representing a 6.75% yield of the ccystallized product, 
S was obtained. The product decomposed at between lOS^C 
and iOB'-C and was ideatified by cHaracteristic CH^ and 
SOg XR cliatactecistics and ca^-i^O^}^, CH^-O 
and -CBj-* proton mSL eMtacteirletics. 

gxample VII 

10 Pceoaratiop of Ethylen s Methanedistilf oaate > Metliod ..^ 
tetra&ydtofuran, obtaiiied from Surdicfe «M 
Jack80n Laboratories was freshly aiatilled froa sodiuat 
beii2«tpi?t«aoae according to standard procedure. A 
eoliitipa of ethylene fflycol <jbtaihed from Mdrich 

15 cubical Co. CV,24 graa) la 200 ml tetraityatofuraa wm 
to a 500 ml 3-asc)6 flask f illed with a 50 »! 
pressttce-equaUziag dropping funnel connected to a 
dtylag tube, a mechanical stirrer and a low teiBpsrature 
tiiermometec. the solution was cooled to -20*C and 4.26 

20 gram (0.02 aiole} of methaaedisulfonyl chloride in 50 ml 
tetrahydrofuraa was added from the dropping funnel over 
a period of IS rniwites. Collidine, obtained from 
Eastman organic Chemicals {4.85 g. 0,04 mole) la 120 mi 
tetrahydcofaran was then added Slowly to t&e flask over 

25 a period of about 1 hoar> thf raactloa aiiscture was 
allowed to warsn to I0*e and the collidine hydtocblorlde 
which formed was removed by filtration. The tiltrate 
was coaceatrated oa the rotary evaporafcer at 20 m 
pressare, the residue was placed under a high vacuum 
30 (1-2 mm) for aljout 15 minutes, then 50 ml of cold S% Hei 
was added and the mixtute was placed in the refrigerator 
overnight. Filtration, followed by vacuum drying, 
produesd 1.02 g, represeatiag a 2S1i yield of the 
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etiiyaeae glycol estex of mstAanedisnlfoftic acia, 
i6S-ie9*<;. The laeatit^ of th^ ptoduct was coaticaM W 
la aad proton W& sjjectra. 

5 Praoaratlon at Sthvleae Metii anedisttMoM t.e. . - MethpJ-J . 

la a modificatioa of the roetfeod desGiclbed in 
Exarople VI I, gXyroe was iised ia ^la.ce of tetrahydrof uran 
and triethylamine. in place of the collidine. The 
ttiethylamine hydrochloride was not filtered and the 

10 final reaction solution was evaporated under vacxiuitt, and 
the residue was taken up in ice cold water and filtered 
to give 4.67 g (57% yield) of ethylene 
saethanedisiilfonate from 0.04 mole of methanediaulf ojxyi 
chloride, this prodiicl^ was fttirther ptttified by vaistium 

X$ suMlaatioii at 0.5 to i,0 Ja» of m a batli lieated t« 
95*C"102*C> Subli^tion cemoyed oae of tU^ ii^etiirlties 
noted ia tiie NHS sgeettum. Th^ subliaed jsatetial was 
8tti>mitt«d tot ijiolo^icai tsstiag. 

gxaiBttie m 

20 pgeoaratiQg ef ■griftethyleae Methanedisulf ftnat.^ 

The pcoceduse described In Exaroele VI II, 
substituting l,3~pjropac6dioi for ethylene glycol, was 
followed with glyiue as the solvent and triethylamine as 

as the base, the residue, after evaporation of the glyme, 
was taken up in methylene chloride and washed 
successively with sodiura bicarbonate, water, and 5% 
hydrochloric acid. After drying the methylene chloride 
over anhydrous magnesiucs sulfate, cyclohexane was added 

30 to induce crystallization. From 25.6 g (0,12 mole) of 
I,3-propan6diol and 24.3 g to. 24 mole) of triethylami»e, 
2.6 g (10% yield) of trissethyiene methanedi sulfonate was 



¥0 85/03075 



PCT/OS85/0CI057 



obtaiaed. tke comj^Qun^ was idaatified by m.p. at 
139»C-142*C case), aM Isy list M NHS esiectca* 

Jpretracation of Tetramethvlsnfe Me t ha a edl sulfonate 

Tiie same proceduce as described in Sxa®&l@ 
VIII, sxibstit^itifig for ethylene glycol, . 

was and from tlie same aolai: guantitias of ceageata 

tiiftce vas obtainea a 7% yield af the «stfti:» Meatif ied 
10 by m.p, 135*C-136«C {dee), and by in aaa ISIR spectra. 

pgeaaratioa of g aatamathvlene 1. I^Ethaaedig^lfoaate 
l.S-Peataae4i«l {4*17 0.04 moie) vas 
aiSBolvea ia 3S0 ml ot g[iy«»» in a i llt«c co^nd bottoia 

is flask a»4 the solittion brotiflit to -30*C. 

l,l-etfea»eai8ultoGyl cixlpcide, synthesized in the same 
manner as tiie methaaadisalfonyl chlocide. (Example 1) 
was aissolved in 25 mi of glyme and tiiis solution added 
drogwise to the solution in the flasK. Triethylamine 

20 {8.08 g, 0.08 mole) was dissolved in 125 ml of glyiae and 
this solution was added to the |>entansdiQl/ 
ethanedisnlfonyl chloride solution over a 1 hour 
period. After the additions were completed, the mixtare 
was brought to ZS^C ovec a 4S minute period Itt a water 

25 bath. The mixture was roto-evaporated under cedtjced 
pressure , at a temperature beloif lS^C. Ifhe cesidae was 
washed three times with 20 ml of S% sodium bicarbpnate 
the resulting emulsion being separated by 
ceatrifugatioa. Water was decaated from the final oil 

30 wash* and methylene chloride was added, this solveat 
appacejatly dissQlved all or most of the taputities, 
leaving the product suspended la the solutioa. the 
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pcoduct was obtained by vacuyia filtering tJis solution 
■ through Whatman #5 qiaaXitatlvs filter payees. 

dried product wefigited 0.22 ^Eams, 
representiag abottt a 2* proauct yieU* The proaact was 
5 ideasifiiea by cliaraeterietic IS and proton NM8 sjp«ctra. 
Product aecoagositioo occurred b»tw«ea 141*C ana 142*C> 
the limltedi solubility ofi the edwpouad waa e6af lriii«4 by 
aisaoiviag 0,03 grams the arie4 pcodtiet in h ml 
ac$toRitril« att4 In 1 mi <sf wsthylane chiosiae. in mcti 
10 case, evaiporatioa of the suf««iiataat aecanted frois the 
uadissplvea 80li4 sh<>we4 that less thas 0,0i grams of 
the geatajstethylene etfeaiiedlsaifoitate gco4uct had 
dissolved la eacfe selyent* 

Exaasle Xll 

15 Preparation of TetramathyXeae X,..X~Ethaae44?al ,^Mim 
i,4-B«tanedioi, obtained fcoa Mdtich CheJaieai 
Go, (3.6 g. 0.04 mole) was dissolved in 75 ml of glyjae 
ia a I liter round bottom fXasX* A solution of 
l,l-ethaaedi8ylfoayl chloride (9.1 g, 0*04 mole) 

20 dissolved in 25 ml o£ giyms was added to the flask 
through a dr^&plhf fuahei , the reactioii atixtare was 
lESft below ~20*C with a dowaaoMty ice bath. 
ttiethylajBiae {8.08 0*08 mole) dissolved la lOO ml oS 
glyjae was added to the mixture ttecdugh a 125 ml deoieffing 

2S fuiiael ovet a period oJ 1 heut. care was tafcea to 
maiittaia aahydcous coadttipha by covering the dropplag 
fanaels with drying tabes coataining CaClg . 'I'he 
reaction aixture was bco\jgbt to 25*C in a eold water 
batfe. The glyioe was removed by ro to- evaporation, at a 

30 tewperature below ST'C, The oily yellow residue that 
rsBtainsd after removal of t&e gXyme was washed once witii 
100 ml of 5% sodltt» bicarbonate aad once with SO ml of 
cold distilled watsjc. the tesaltiag' efflalsloa teeing 
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centrifuged immediately to separate tM product, and 
aqueous material decanted. The rerr.aiaing pcecipitats 
was dried under vacuum. The white, powdery solid whicb 
reffiained weighed 0,90 g. repteseatiiig a 9,2% yield. 
5 Product identification was con£iraed by characteristic 
IR and proton SHE spectral features. The product 
decomposed between 115 and 138*C, Tfte product was 
soluble to less than about O.OX gram ia I ml of either 
methylene chloride or acetonitelie. 

10 l^i^agpl^ jim,^ 

y ^attagation of Tr tmethvleae I .l^Sthanedlettlfionat.^, 
l^a-fro^aaediol obtained front Mdrlch Ch«mlcal 
Co. (S.i, g, 0.08 aole) was dissolved ta 350 ml of 
distilled glyiae in a 3-neck. 1 liter round bottom fiasK 

15 equipped with a stirrer and a theriBoaeter. The solution 
was maintained at -20*0 in a dowanoi-dry ice batli placed 
amderneath the flask. A solution of 
la-ethanedisulfonyl chloride (18,2 g. 0.08 moles) 
dissolved in 2S ml of giyme was slowly added through a 

20 «0 dropping funnel. Following this addition, a 
mixture of triethylaraine (16.2 g, O.IS mole) dissolved 
in 125 mi of glyme was added dropwlsa to the vessel over 
a I hour; period, Gare was taleea to avoid contact vith 
wate£ by covering the dropsiag fuimels with drying tubes 

2S filled with CaClg* Once all additions were completed, 
the reactioii mixtttre was brought to rooa tem|!e«atare and 
stirred for 3 hottr«. 

The reaction mixture was vacuuat filtered to 
remove solid triethyiamiae hydrochloriae. the fiUrate 

30 was roto-evaporatted at a temperature below 37*C to 
remove glyme. the crude product, having a weight of 

g, was redissolved ia a minimal amount of methylene 
chlotide, and cyclohexane was added nntil the atxture 
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ttiraad cIoMy- initial erystals which formed 

ceTOvM fro® solTition by vacam f iltratiea, aad 
addltioaai cyclohexaoe was added to pjcoducs a secoM 
crop of crystals, which was removed by flltratioa* 

5 The two crops ot crrstaU wete washed with cold 

distil led water to remove the surface film of oil, T&e 
f iaal weight of solid obtained represented a 3S% product 
yield. The saaple detfomposed between IS and 1SS*C. 
whe» added to en already heated melting-foiat 
10 agparatus. Prodaet Ideatity was coiif irmed by IR 
spectral feattireis related to CH^CH aad SOg. an<3 by 
pcoton KMR fsatures related to CH, CH^O. -GH^- and 

sxai^pl^ xil 

15 y geoaratio^ of Ethylene i. I-Eth aifiedisulfQaate 

The enaction procedure desctibed ia SScamjPile 
XIII for the gcepa ration of trimethyleae 
l.l-ethanedisulfonate was followed, substitutiag for the 
l. a-progane tt«ed in Bxample XIII* ethylene glJTCoi 

20 (5.0 gram* 0,008 mole). The reaction mixture was 

stircsd for 3 hoiirs at room teiRperature. the solid a»i»e 
hydrochloride residue refflovedr and the filtrate 
roto-evaporated tti remove giyme- ThB crude product 
obtained was redissolved In a miiiiamm amount of 

25 methylsae chlocide. and subseaueat addition of 
cyclohexane produoed white crystals ijameaiately. 
several crops of crystals totaling 84 grams were 
cbtaiiied after further add it ion of cyclohexane and 
reftigeration^ Further ceccystailizatioa of the 

30 material resulted in a total of 4.37 grams of product, 
representing a 2S.2% yield. The product melting poiiit 
was betWeea 92*C and 93«G. Product identification was 
confirmed by li spectral features relating to CH^CH 



wo 85/03075 



mtmnmmsf 



-26- 

aitd SOg sM pxocoa NKg feattires celatia? to m, QE^ 
and CHg. 

grepacation of Sodium (oxya^x lf oiavlaethane 

5 siilfonate) Sthag^ 

Methanedisulfonyl chloride. 25.0 g (0.117 
mole), was placed in a SOO ml ro«na-bottP« flasjfe 
coatalaiag 200 ml of anhydfoiia et&ei:* f o this atttred 
sQlutioa was slewly added Z.l g (q.U7 aoU) water wWle 

iO the aolutioa was coded in aa l«e hath. After the 
additioa ot water, t&e ice hmU was removed m& the 
aoXiitiott was stirred fflfJ: four hoars. The ether was 
removed by rotary evaporation, and 3? ff {0.35 mole) o£ 
Cteehly dietilied trimethylsilyi chloride ohtained froiR 

is PCS Sesearch qiesiicale. Inc. . (Gainesville, PL) was 
added slowly, using a habblec to aonirer gas evolution. 
After the additioa of trimethylsilyi chlocide, the 
solution was heated to reflux for several hoars tintil 
gas evolution ceased. Excess tcimethylsilyl chloride 

20 was removed by evaporation and the cesidue was 
fractionated, giving 24 g (77%) of trimethylsilyi 
chlocos^lfonyljsethanestilfonate. bp 102*C~104»C at 0.2 m 
pressure, or 1IQ°C-U1*C at 0.4 mm presaare. Prbdaet 
identification was confirmed fay titratioa and by iJMR 

25 spectra. 

To a solutloa of 5.52 g (0.0207 mole) of 
trimethylsilyi chloros-ttlfoayimethaaesuifionate in 25 «1 
of glyjue (freshly distilled from sodiaji and benao^heaane 
and cooled to -20"»C} was added dropwise a solution of 
30 0.5a g (0.oa moU) of ethylene glycol and 1.75 g {0.02 
mole) of tclethylamine in 25 mi of glyms. the sQlwtion 
was then allowed to warm to room temperature, filtered, 
and the glyme removed fay evapotattdn. two eguivaXeatis 
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off so41«ift bic«tfaoaate latter w«rs aMea and. after the 
gas evolutioo haa ceaeM. , the aqueous solution was 
wasltea with iBsthyleae chloride ana tftaa evagoeatsd to 
ieave a white f Qa»y xesidtt* cotttainin^ the eodium salt 
5 of l.2^bis CoxysttlfQaylaethaaesttifoaic add) etHaaa, 

IMiviaual straias of mice iaeatifiea m having 
the eoUowlag types of cancer were employed in the 

10 ptemnt study: iyaphocytic leuXensia (PS), lymphoid 
leukemia (LE). melanocarcinoma (Bi), human xenogcaft 
(MB) and ovaxrian carcinoma (MS)« The Isft-haad coluna 
of Table I below identifies the 6 test systems wl*ic& 
were studied, including J aiffereat lyj»|?hoi4 XfttkeJuU 

15 groups, identified as t.E3i and 1.837. For each test 
system, $ to iO animls received a daily dP»« of 
ethylene ffletfeanedis«lfonate, at the dosage indicated ia 
the Dose Eange mmm the table. The ialecttoa rotjte 
ms either iatxaperitoaeal (IP), iatracecebcax m). or 

20 snhctitaaew {SO, as iadicated la the third coiaaa front 
the left in the table, ifhe dose range was that f puad to 
he most therapeutically effecttye against the specified 
caseet. nsihg the ialectioa route indicated, hn egtiaX 
ntifflfeer of mice received a daily adralnistration of the 

25 drug delivery vehicle only (controls). 

The control and drug-treated animals were kept 
on this regimen until all the animals had died, except 
that in the few cases where the survival time was wore 
than three times that of the control, the test animals 

30 were designated as cured, fhe T/C ratio, showa at the 
right-hand column in Table X. la calculated as tbe 
percentage ratio of the mediaa aumber of days of 
sutyivai of treat^ed aaimais tt) aivlded by the laedlaa 
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number of aays of control anijnals (C) . Thus, foe the PS 
31 test system, the T/C value of 270 indicates that the 
ssedian number of days of survival of treated aninsals was 
270% or 2«7 times the laedian ftumbsf of fiays of snirvival 
5 of untreated aniitiais. In the case of the huraaa bjreast 
xenograft test system {«B<35). the T/C ratio provides a 
measute of the tumox: 8i2« of tireatefii animals versus that 
of untreated, The value of 7 aeans that the tuiBor of 
treated aaimals aveta^ea about 7% of the growth of that 
10 of untreated animals. 

TfiBLS I 











Injectioa 






Teat Svst 


em 


Dose Range 




T/C Med, 




3 PS 31 




25-50 ffig/Rg 


IP 


270 


X5 


3 LE 31 




25-50 mg/kg 


IP 


271 




06 LE 37 




6.25-2S.0 mq/kq 


xc 


1S3 




3 B 131. 




12.5-25,0 mg/lcg 


IP 


166 




3 MB G5 




50-300 mg/kg 


8C 


(T) 




3 MS 31 


(M) 


12.5-SO mg/Icg 


IF 


217 


20 


3 KS 31 


m 


35^50 mg/kg 


IP 


267 



me faata ia table I show tpMt ethylene 
methanedisulfonate wae effectlyet at varioue 4oee 
ranges* in treating all five types of cancer studied, 
and that the drug delivery could be achieved by a 
25 variety of la|ection routes* 

Ex^ffipie XVII 

A test aystea eorrespoMlag to PS 31 in Table I 
30 was carried out to test the effectiveness of 

trlffiethylene aethaaedisulf oaate against lyaphocytic 
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imkmU^ the %mt p^rotdcol was Weatlcal to tSat usad 
in: t*st systea mi la Bxampie X?I, with %M exce^tioa 
tiiat tlie ogtiaal dose ran^e of between 6.S aM 12. S ag 
ding pax kiimaa body w»isht was ussd. The T/G rati», 
cajcalated on th« basis o€ the seaiatt mmMii of daya 
survival of treated and aatceated aaliaalfi. was ISO, 
indicating ttmt tft« d£«g ia effective ia the treatment 
of iyjaghocytlo Xiakemia, but sttbstautialiy leas so thaa 
ethyieae jrtetfean^disulf ona te . 

RxafflBla XVIII 
Anti>.LauSc6!ni,c Activity of 
Tatramethyl '^" ^ MAr,|^;pn^dtsulf oaata. 
The sfSectiveness of tfta tettaaethyiena 
jit«>thaaedisulfonat« comipouttd in tceatiag lyapbocytic 
leukemia ia a test system like teat ayatea PS 31 of 
Bxaaiple XVI was examined, Tfee teat «mi?loyed tiie sama 
general protocol, including the aaae number of animals 
and Injection coate described in Sxample XVI for test 
system PS 31. except tnat the optimal drug dosage for 
the tetrametbyiene methanediaulfoaate compound of 12. S 
to 25 mg per kilogram of body weigbt was administered. 
The T/C ratio, calculated on the basis of nuiaber of 
median number days survival of treated and untreated 
animals, was 188, siajilar to the results obtained with 
i tristetbyl metbanedisuifonate. 

While the invention has been described with 
respect to preferred embodiments and specific examples* 
it will be appreciated that various changes and 
modifications may be made without departing from the 
} spirit of the invention. 
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ma's IS CtAiSBO tS: 

1. A bifunctioiial aikylattag compoaM 
com^ri«iag a cyclic disulSttnic a«t«r of the form 
a-CH ~ S0,-0 



5 wiieire m«0 or I, a«l-S* aixd a»H* caSj, C5!3CH^ or 



2. Tfee co^ppuna of claim X, whecfia ana 

3, The cffmpoiiad of claim 2, wjietela a»0 asd 



4. Tfe« cpmppaad pf ol«ia 3, ^^«i;eia n»2* , 

5. 1?i5i« coapouBd of claiai 1, ^rhereia o»2, 

6. The cofflpoyna of claim 3. focmed by the 
stefs of exacting an alkattediaulfonyl cfitioclde o£ tlt« 

IS foca 

S-CH 

wfeers S»H oc ca^, witfe silver carbpnate to form tim 
cprces^ondlag silver allEaae^isulfohata, and allowlag the 
disalf oaate to react with a aehaXoaikaiie o| the eorm 

20 

where X#tc or I, and a-i-S. 
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7. -riie co»pouna of claim i. e«ci8«4 by tUs 
stsps of allowing an alk^m ii^imyl ehlotias tfte 
torn 

wHece R»H or CS^, to react with alkans aiol of the 
5 fojem 

^here b^2~s, la tlte presence of tetcafeydrofuraa or glyme 
«iK3 att aliptiatlc or arojuatic tectiacjf amine. 

8. The compouM of claijii 7> w&eJlein tiie 

10 tectiary aiRine is added dropwlse to the otlier reactaata 
at a ceaotion tampetatuca below aljptjt »2Q*C. 

9. A Jt^ifunctiba^l alltylatia^ cpJitpo«a4 c^pa&le 
of tsa«tl»g with a first aueieo]?hii» -Jf^ to i?ro^«« a 
nucl«e:9iiiia-ceactiire latermediatt of the fotm 



10. The coapoand of claim 9. wberaia a»2 aa4 

11, The cojagound of claim 9, which ia<?X«das a 
ao cyeXiC aisulf oaic ester of the form 

H-CH - SOg-O 
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12, Tiie cojRpoiinct of eiaia 9, whlsfa iitcludss a 
linear aisulfottic acid of ths fora 



■wfeejcs nal-4 and S^H, Ch^ oc CI* 

13. An aati-caneejt coagotind coaitirisiag a 
S cyclic disulf onic ester of tbf tptM 



SO- - o 



14. Tiie compouM of clai» 13 # wbeteia a»2. 

15. The compound of claim 14. foe use in 
treating masastaliaii lymphocytic leukemia, lyfisghoid 
leiiScsmia, meid»oc«xciiio®a. humaa breast xenofraft and 
oyarlan careinoma. 

16. a method of treating a »affimaliaa eaacet 
comgrlsiaf admiaistetlag a tiiecageutlcally eff^^ctive 
aiROttat of a cyclic dls^lfoaic aster co»i?ouad of ttte form 

so^- o 

17. T&e metiiod of claim l«, wftereia ii«2. 



18. The method of claim 17, wheceia the cancer 
20 incltides lyj^phocytic leukemia or lymphoid leukemia , and 
said adMnistering iaclades administetiag the cospotind 
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lntrageri«oii«aUy. at a aos^e of between about 25 aM M 

1$. the method of eiai» 17* wherein the caacer 
ineludes a lymphoid letiKe«ia, and aai^ admUisteEing 
5 incxaaes admiaisteElag the compouoa iatcaccanially at a 
dose Of bet«ees al»otit 6.25 ana 25 ailiigraifta fei: 
Kilograa of body weight, 

20. The method of claim 17, wherein the tmm 
Includes a fflelanocacclaoma . and said adminiatecin? 

10 iaal«ae8 adfninisteang the compound iatrapecitoneally at 
a dose of betwasa about 12. S and 2f mUi«ca»S gajr 
kilotraia of body weight. 

21. The method of claim 17. wheirein the cancer 
includes a haaas bceaat xeiip«raft and said admiaitteting 

15 includes admlnieteaag the com^oniid aubcntaneottaly at a 
dose of between ah^ut SO and 300 mlUigraas pet kilogram 
of body w«i«Jit' 

:2Z. The method of claim 19* wherein the cancer 
ihclttdea an ovarian carcinoiRa, and said administering 
20 iftclttdea adiftiaiateriM the cowFound intraperltoneally at 
« doae of between about 15 and SO »illigcams ger 
Xile^rtaa of body weight * 

23 . A CpmpO^h^ 

Cl-SOg-CH-SOj-Si-Rjj 

25 Where ISi^, CHj or CI, and a^-CHg oc CCGHj)^. 
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